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Abstract 
This paper introduces a double-glazed window with curtains which is low-cost, low power consumption, simply be produced and 
installed for residential buildings in severe cold and cold zone. By using the CFD method, we conducted the simulation analysis 
of the indoor thermal comfort of test model building installing double-glazed window with curtains. Through analysis, we found 
that the indoor thermal comfort of test model building installing double-glazed window with curtains in different operating 
principle was not good. We have to improve the structure and define the open area of the double-glazed window installing 
curtains, so as to satisfy the needs of the indoor thermal comfort of test model building. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction  
As a construction accessory of the building envelope, window is mainly used for ventilation and lighting. Like 
other elements of the building, with science and technology improvement, development and evolution of window 
change rapidly since its birth. With the application of new construction technology and material, window form 
becomes more free and diverse, window structure becomes more complex and transformable, window function 
becomes more rational and perfect. After understanding windows’ history of development systematically, we 
recognize that window which provides good lighting, ventilation, sight viewing and energy saving will be the 
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inevitable trend in the future. We are trying to design a double-glazed window with curtains forming multi-closed air 
layers which is low-cost, low power consumption, simple production and simple installation. CFD analysis will be 
carried out in the simulations of the test model building which respectively installed the double-glazed window with 
curtains under certain conditions to determine the ventilation performance. 
1.1. Design concept and structure of double-glazed window with curtains 
The fundamental design concept of double-glazed window with curtains is to cater the needs of customers for 
lighting, ventilation, sight viewing, etc., and it is cheaper than similar products in the market, while energy savings 
efficiency is ideal. Figure 1 shows the design concept and structure of double-glazed window with curtains, window 
system consists of outer layer glass and inner layer glass, and embed one or more layer curtains in-between the 
glasses. In respect of ventilation, there are two vents on the glass up and down, airflow direction can be conducted 
through opening and closing the vents. The structure and size of double-glazed window with curtains were shown in 
Figure 2. 
 
 
Fig. 1. Schematic diagram of double-glazed window with curtains' construction. 
 
Fig. 2. Construction of double-glazed window with curtains. 
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1.2. Operating principle of double-glazed window with curtains 
In summer daytime, when the solar radiation in the room is strong, we pull down the curtain, close vent A and D 
and open vent B and C, see Figure 3(a). At this time, most sunlight is blocked outside by curtain, the scattering light 
forms light source of the indoor space. Curtain gets heat from solar radiation, thus air in air chamber is heated, its 
temperature rises, the air rises, thus boosts the indoor air from vent C into the air chamber, then discharges from 
vent B, promotes the ventilation accordingly; while air flow takes the heat absorbing from solar radiation to the 
outdoor, so as to reduce the hot air in air chamber transferring heat to the indoor.  
 
         
Fig. 3. (a) Ventilation and preventing heat enter in summer; (b) Ventilation and accumulating heat in winter. 
        
Fig. 4. (a) Operation and resisting heat in summer; (b) Operation and getting heat in winter. 
In winter, we put down the curtain, as shown in Figure 3(b), close vent B and C, open vent A and D. At this time, 
the curtain transforms most of solar radiation into heat and heats the air in air chamber. The air is heated, then rises; 
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cool air outdoor goes in chamber from vent D, heated by air chamber, hot air enters into indoor from vent A and 
promotes ventilation indoor. 
In summer, when the outdoor temperature is high or solar radiation is strong, in order to shade and take away the 
heat of window to the maximum, we can open vent B and D and close vent A and C, so as to form a closed 
environment indoor to prevent the loss of cold air. The heat from solar radiation makes the temperature of curtain 
and air chamber rise, air expands and rises when it gets heat, drive itself entering from vent D, discharging from 
vent B, so that the heat generated in air chamber is brought to outside and reduces hot air heat into indoor, see 
Figure 4(a).  
In winter, in order to obtain solar radiation heat at the most, we can close vent B and D, open vent A and C. The 
cool air entering interior from vent C is heated through air chamber and hot air discharges from vent A, maintaining 
indoor thermal comfort, see Figure 4(b) [1]. 
1.3. Indexes for indoor thermal environment 
The indoor thermal environment is affected by various factors requires a comprehensive, Indexes have to reflect 
these factors comprehensively. There are many indexes, Operating Temperature (OT), Effective Temperature (ET), 
Heat Stress Index (HSI), Wet-bulb black globe temperature index (WBGT), Predicted Mean Vote-Predicted 
Percentage of Dissatisfied (PMV-PPD) are common, where the ET and PMV-PPD are one system that used and 
recognized most widely[2]. 
2. Methods  
2.1. Equations 
In this study, we use AIRPAK 3.0 software, and the standard two-equation κ-ε turbulence model is implemented 
to account for turbulent flow. Considering effect of buoyancy-driven, we calculated using discrete Poisson's 
equation. It considered air density wasn’t change, considering the effects of buoyancy by the difference between the 
weight and the air pressure gradient in the momentum equations.  
Continuity equation: 
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Turbulent momentum equation:  
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Turbulent kinetic energy equation: 
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Equation of turbulence kinetic energy dissipation rate: 
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Turbulence kinetic energy term˖ 
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Turbulent viscosity: 
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In these equations, G represents the generation of turbulent kinetic energy due to the mean velocity gradients. Pr 
is the turbulent Prandtl number for energy. For the standard κ-ε model, the default value of Pr is 0.85. ­i is velocity 
component, x orientation: i=1, y orientation: i=2, z orientation: i=3. Cp is the fluid specific heat. κ is the turbulence 
kinetic energy, ε is the turbulence dissipation rate. p is time-average pressure, qT  is heat source intensity. T is fluid 
temperature, T0 is operating temperature. μ is viscosity of the fluid, ρ is the fluid density, β is the thermal expansion 
coeƥcient. c1, c2 and cμ are 1.44, 1.92, 0.09 respectively. σ« and σε are the turbulent Prandtl numbers for κ and ε, 
respectively, the value are 1.0 and 1.3. In AIRPAK, c3 is not specified, but is instead calculated according to the 
following relation: 
3 tanh vc u    (8) 
where v is the component of the flow velocity parallel to the gravitational vector and u is the component of the 
flow velocity perpendicular to the gravitational vector.  
2.2. The setting of boundary condition 
(1) Outdoor design temperature: in summer is 30.4ć in Tianjin, in winter is -9ć in Tianjin [3]. 
(2) Humidity: the indoor relative humidity is 60%. 
(3) The upper and lower opening of double-glazed window with curtains: geometry size is 0.06m×1.12m . 
(4) The double-glazed window with curtains: the geometric size is 1.2m × 1.5m. 
(5) Solar radiation: the AIRPAK 3.0 provides a solar shading model, which accounts for the local date, time, and 
geographic position to compute the solar intensity and angle: we choose June 22nd 8:18AM in summer, December 
22nd 8:18AM in winter. 
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2.3. physical model 
Table 1. Details of the simulation objects. 
Parameter Value Source 
Size of Test Model Building 3m ×3m×3m Simulating room space 
Orientation of  Test Model Building South Standard orientation 
Envelope Kwall= Kroof =1.5 W/
˄m2gK˅ 
Energy-saving target 
Double-Glazed Window with Curtains Kwindow=2.24 
W/˄m2gK˅ 
Measure[4] 
Table 2. Details of each model. 
Serial Number Term Illustration Size/m Energy/W 
1 desk block 0.55×1×0.75 0 
2 heat collector block 0.15×0.6×1 2000 
3 light block 0.2×1.2×0.15 35 
4 person block 0.4×0.4×1.1 75 
5 bed block 1.2×2×0.4 0 
 
Test Model Building Installing Double-Glazed Window with Curtains. Table 1 and 2 shows the details of the 
simulation objects. Airpak3.0 Modeling shown in Figure 5. 
 
 
Fig. 5. AIRPAK 3.0 Modeling. 
2.4. The selection of analysis indicators 
In this study, we select Predicted Mean Vote to evaluate the indoor thermal comfort, PMV represents the feeling 
of most people to the thermal comfort of indoor environment, PPD index represents the percentage of dissatisfied 
with the thermal comfort, PPD derived by PMV [5], as described in the following formulas. The ISO recommended 
that of thermal comfort environment is between -0.5 to 0.5. 
   0.303exp 0.036 0.0275 , , , , ,M  ª º¬ ¼ i i r m cloPMV M f t v t q R   (9) 
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Where ti is air temperature, φi is air humidity, v is air velocity, tr is mean radiant temperature, qm is metabolic rate, 
Rclo is clothing insulation 
 2 4100 95exp 0.2179 0.03353ª º   ¬ ¼PPD PMV PMV   (10) 
Both the ASHRAE [6] standards of USA and ISO standards used PMV-PPD as a subjective index for the 
evaluation of indoor thermal environment currently. 
3. Results  
        
Fig. 6. (a) PMV of ventilation and preventing heat enter in summer; (b) PMV of ventilation and accumulating heat in winter. 
       
Fig. 7. (a) PMV of operation and resisting heat in summer; (b) PMV of operation and getting heat in winter. 
Different part of human body have different sensitivity to thermal comfort, and different poses also lead to 
different height of sensitive parts. During the experiment of thermal comfort, the subjects are usually in a sitting 
position, so the height of the simulation analysis in this article is 1.0 m(Y=1.0m). We can see PMV is at 1.41 over 
the whole room under the circumstance of ventilation and preventing heat enter in summer, hot feeling is between a 
little heat and heat. The value of PMV can't meet the requirements of ISO standards recommended ideal thermal 
comfort environment in Figure 6(a). As can be seen from Figure 6(b), in the state of ventilation and accumulating 
heat in winter, the PMV of the whole room can't reach the requirements of ISO standard recommended ideal thermal 
comfort environment outside the room except in a very small range around the collector, hot feeling is between is 
between cold and very cold. We can see the PMV of entire room is as high as 1.97 or more under the circumstance 
of operation and resisting heat in summer in Figure 7(a). And as can be seen from Figure 7(b), in the state of 
operation and getting heat in winter, in the middle of the room which the heat collector spreads to can meet the 
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requirements of ISO standards recommended ideal thermal comfort and hot feeling around the thermal heat collector 
is very hot, meanwhile the PMV of the rest in room is less than -0.61. The PPD derived by PMV doesn't achieve the 
required value of good thermal comfort. 
4. Discussion  
In order to improve the thermal comfort of residential buildings in severe cold and cold zone, the construction 
must have good insulation. The heat transfer coefficient of building envelope is an important and basic parameter of 
building energy consumption, the smaller heat transfer coefficient corresponds to the better insulation properties. 
Window is an important part of the building envelope, reducing the heat transfer coefficient of them it is very 
important for building insulation. When the heat transfer coefficient of outer walls remain the same, the indoor 
thermal comfort increases gradually along with the heat transfer coefficient decreases [7]. In order to reduce energy 
consumption and improve indoor thermal comfort, we presents the design concept of double-glazed window with 
curtains. So as to reduce the heat transfer coefficient, we design its opening area is only 9.8% of the window area. 
We found that reducing the opening area of window, we can get a lower heat transfer coefficient. But however, the 
indoor air ventilation will seriously affected by the small window opening, and fail to achieve a good indoor thermal 
comfort. [8]. Therefore, it is worth exploring whether there is an inevitable conflict between reducing the heat 
transfer co-efficient and ensuring a certain opening area. 
5. Conclusions 
We can obtain the ideal indoor thermal comfort by reducing the heat transfer coefficient of windows for 
residential buildings in severe cold and cold zone. But if we only do it by closing the outer window completely, 
ignoring its opening area, the natural ventilation will be too limited to achieve enough indoor air circulation, heat 
dissipation and energy saving, and also good indoor thermal comfort. Thus, if the vertical distance between the 
center line of upper and lower opening is too short to achieve thermal pressure ventilation effectively, we must 
increase its opening area, in order to achieve the goal of reducing the temperature and radiating heat and having a 
good thermal comfort by using of double-glazed window with curtains. Finally, the ratio between the opening area 
and the window area must be defined, during reducing the heat transfer coefficient of outer windows for severe cold 
and cold zone. 
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